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WAS THE MAGNETIC WAIE OBSERVED BY "IMP-1" 

LUNAR OR TERRESTRIAL?* 

Geomagnetiem 5. Aeronomiya 
Tom 5 ,  No. 4, 751- 753, 
I e d a t e l ' s t v o  f'NAUKB*', 1965 

SUMMARY 

Comparison of f ind ings  by preceding au thors  and the e x a n b a t i o n  

of ground and IMP-1 data ,  make i t  d i f f i c u l t  t o  assume tha t  IMP-1 crossed  
the luna r  magnetosphere, whereas the ground data do not  exclude the possi- 
b i l i t y  t h a t  t he  magnetic w a k e  of t h e  Earth,  d i r ec t ed  upward along t h s  
solar plasma flux, would cont r ibu te  notably t o  phenomena observed on IMP-1 

t 

at sub-Alfvbn flow p a s t  the E a r t h ' s  magnetosphere. 

8 

.* * 
According t o  contemporary r ep resen ta t ions ,  t he  magnetosphere is 

formed on the n ight  s i d e  of the Earth under the a c t i o n  of such f a c t o r e  ae 
t h e  dynamic and s t a t i c  pressures  of s o l a r  plasma, the e f f e c t i v e  v i s c o s i t y ,  

the  p r e s s u r e o f t h e  in t e rp l ane ta ry  magnetic f i e l d  and the  counterpressure 
of t he  geomagnetic f i e l d  by the magnetosphere plasma and the hydronagnetie 
r a d i a t i o n  El-61. The cosmic experiments on the  n igh t  s i d e  of t he  Ear th  

are s a t i s f a c t o r i l y  explained within the  framework of these  r ep resen ta t ions  
c7,81. A t  the  same time, these r ep resen ta t ions  a r e  s u f f i c i e n t l y  genera l  t o  
be u t i l i e e d  for the  inves t iga t ions  of t he  magnetospheres of o the r  p l a n e t s  

and in p a r t i c u l a r  of the Moon. One then might a l s o  expect t h a t  t he  scales of 
t he  luna r  magnetosphere are r e l a t i v e l y  s m a l l ,  f o r  t he  magnetic moment of the 

Moon is q u i t e  s m a l l  Cg]. In  connection w i t h  t h i s ,  the assumption of IMP-1 
passage through the  luna r  magnetosphere is met w i t h  d i f f i c u l t i e s ,  for it 
leads t o  a s u b s t a n t i a l l y  greater magnetic moment of the Moon than  in the 

d i r e c t  experiment CgJ. 
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2. 

According t o  C101,the extension of the  lunar magnetosphere, - I 
reaches 1 5 0 R M  (RMbeing the rad ius  of the Moon), and ha l f  of the  angle 
a t  cone sumni t  is (x. ~ 1 1 ~ .  

flux is c a r r i e d  beyond t h e  surface of the  Moon i n t o  the  l l tai l l l  of t he  magne- 
tosphere by the s o l a r  wind, the  lower l i m i t  of t he  magnetic moment of the  
Moon, % is by its order  of magnitude t o  R M H ( s  tgtd2,  which a t  f i e l d  in- 
t e n s i t y  & lOy i n  the 'lunar lltrainl' would be l ead ing  t o  % 3 4  C S M .  
The est imate  of the upper l i m i t  of M,, [ 9 ]  should be cor rec ted  f o r  the  effect  
of solar wind [12]. However, t h i s  co r rec t ion  is equal  t o  only 3096, s i n c e  
the  concentrat ion of protons and the  v e l o c i t y  If t he  wind during the  per iod 

of measurement were respec t ive ly  n N l O ~ m ' ~ ,  u' = 500km/ sec c131, t h a t  is, 
< 1021CGSM. This  value of NM does not r u l e  out t he  p o s s i b i l i t y  of 

IMP-1 passage through the  region behind the  shock wave f r o n t  and through 

the  magnetohydrodynamic wake of the  Moon [lo, 113. However, one must be 
very careful when r e f e r r i n g  t o  t h i s  p o s s i b i l i t y o  f o r  two subsequent a t tempts  
t o  d e t e c t  the wake of t h e  Moon had l e d  t o  negat ive r e s u l t s  E l l ] .  

I f  we admitted t h a t  t h e  e n t i r e  magnetic f i e l d  

- -  

Besides, one may assume t h a t  the observed phenomena were caused by 
pe r tu rba t ion  spreading from the Sun, or represented the  magnetohydrodynamic 

wake of the  Earth,  d i r e c t e d  upward along the  solar plasma flux, It is well 
that  sub-Alfvbn flow of viscous f l u i d  V<VA= H/(4 m) % there  forms a'wake 

of a s o l i d  d i r ec t ed  upward along t he  flow of the  inc iden t  plasma [14]. It 
may be assumed t h a t  t he re  exists i n  space,  a t  sepa ra t e  per iods,  a sub-Alfv6n 
flow of t he  s o l a r  wind, a n d  t ha t  t he  per turba t ions ,  generated by the  e f f e c t -  

i ve  v i s c o s i t y  a t  magnetosphere boundary c151, form a magnetohydrodynamic 
t r a c e  of the  Earth,  spreading upward along the  solar wind flow. The forma- 

t i o n  of such a wake could have taken place a lso  during the  per iod of obser- 
va t ions  on IMP-1 of anomalous events  i n  space. There was no p o s s i b i l i t y  of 

ve r i fy ing  t h i s  assumption, f o r  the  d a t a  on plasma have not been published 

as yet.  However, a s e r i e s  of data  do corroborate  the  p o s s i b i l i t y  of such an 
i n t e rp re t a t ion .  Thus, during t h e  per iod of these  observat ions,  t h e  magnetic 

f i e l d  was somewhat above t h e  average value,  equal  t o  4 - 7 Y [lo], and 

reached during one of the p e r i o d s  14.6 y 9  
might have increased va by 2 to  4 times, and thus  f a c i l i t a t e  t h e  t r a n s f e r  
from super-Alfvdn t o  sub-Alfv6n flow. 

which, at o the r  equal  condi t ions ,  
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It should be noted t k a t  i n  December 1963 o t h e r  events  were observed 

i n  sTace, having c r i t e r i a  inherent  t o  events  a t  sub-Alfvhn flow. On 20 Decem- 
be r ,  the  f a s t  shock wave ahead of the  magnetosphere w a s  absent  

which could have taken p lace  at  sub-Llfvkn flow p a s t  the  Aarth 's  magnetosphere. 

A t  t h a t  time the  f i e l d  i n  the space was 9 - 12  y. On 2 December a sudden com- 

mencement w a s  observed, which ha.d e i t h e r  formed a t  passage of a t a n g e n t i a l  
break, o r  of a complex break, c o n s t i t u t i n g  a combination of a slow shock wave 

with a r o t a r y  break. A s i m i l a r  break is formed at sub-Alfvin flow c141. 

[10,Fig.21] ,  

Comparison of the magnetograms f o r  14-  15 December, obtained on IMP-1 

and by ground s t a t i o n s ,  p o i n t s  t o  the  s i m i l a r i t y  of DIP-1 and a s e r i e s  of high- 
l a t i t u d e  observatory readings.  

To pe r tu rba t ions  i n  space corresponded pe r tu rba t ions  on Ear th ,  wi th  

a t  t he  same t i m e  t he  f i e l d  i n  space being most per turbed i n  the  pe r iods  of 
s t r o n g e r  d is turbances  on Ea r th  ( f o r  example, t he  bay between 12 00 and 1600  
hours  U.T. on 14 December), and even r e g i s t r a t i o n  gaps occurred on t h e  IMP-1 

magnetograms [11].The most s t r i k i n g  pulse  on the  IMP-1 r e g i s t r a t i o n  ( near  

0 1 0 0 h o u r s  UT on 1 4  December) was a l s o  noted by a s e r i e s  of h igh - l a t i t ude  ob- 

s e r v a t o r i e s  (Fig. 1 ) .  I n  t h i s  f i gu re  ]?I is the  t o t a l  vec to r  of t h e  magnetic 

f i e l d ,  YsE is t h e  component of t he  i n t e r p l a n e t a r y  f i e l d  i n  t h e  dex t ro -he l i ca l  
s o l a r - e c l i p t i c a l  system of coordinates ,  whose axes and g a r e  r e s p e c t i v e l y  

d i r e c t e d  a t  the  Sun and toward the southern e c l i p t i c  po le ;  X, Y , Z , H ,  I) are  

t h e  components of the  E m t h ' s  magnetic f i e l d .  
I n  order  t o  v e r i f y  the  assunpt ion of sud-Alfv6n flow of t h e  solar 

wind dur ing  t h i s  per iod,  we measured the  onse t  time of t h i s  pulse  on Ear th  
and i n  space. Bad the  pulse  been the  i n i t i a l  pu lse  of Ea r th ' s  wake d i r e c t e d  

upward along the  flow, t h a t  is  the pulse ,  occur r ing  a t  magnetosphere boundary, 

i t  should have been observed on Ea r th  2 t o  3 lcinutes e a r l i e r  than  i n  space,  
a t  d i s t ance  of 3 0 R  from the  Earth 's  c e n t e r ,  f o r  t h e  pa th  time of t h e  
hydromagnetic wave from the  magnetosphere boundary t o  the  Ear th ' s  surface 
is N 1 minute 1163, and t o  IMP-1, a t  sub-hlfv6n flow and f d 500 - 700 km/sec 
i t  i s  near  3 t o  4 minutes. To the  cont ra ry ,  i f  t h i s  pu lse  had a r r i v e d  on 

Ea r th  from a d is tance  of 30R a t  daytime s i d e  of t h e  Ear th ,  i ts  onse t  i n  s p a c t  

should have been observed 3 t o  4 minutes e a r l i e r  than on Earth.  Obser- 

v a t i o n  d a t a  po in t  t o  t h e  f a c t  t h a t  t h i s  pu l se  was apparent ly  observed on t h e  

E a r t h ' s  su r f ace  somewhat e a r l i e r  than  i n  space. Compiled i n  Table 1 a r e  t h e  



c 
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r e s u l t s  of determination of the onset  of  t h i s  pulse  from magnetograms of 
six ground observa tor ies  and  o f  IMP-1 (to). 

Resolute Bay 

Baker Lake 

A l e r t  

Mould B a y  

Barrow 

College 

The pulse  began on the ground a t  0114% 2% min. The data of IMP-1, 

brought out  i n  [ll], do not allow t o  determine accura te ly  the  onset  time of 
t he  pulse  i n  space, f o r  they are  p l o t t e d  according t o  the  mean va lues  f o r  
i n t e r v a l s  of 5.46 min. duration. However, i t  is  obvious t h a t  t he  pulse e i t h e r  
began a t  the beginning of t h e  15th  i n t e r v a l ,  a f t e r  0000 hours UT on 15 Dec., 

o r  a t  the  very end of the  1 4 t h  i n t e r v a l ,  t h a t  is, between 0115 and 0 1 2 0  

hours UT, whereas a t  its propapation from the  d i s t ance  of 3 O R ,  t h e  pulse  
onse t  on IMP-1 r e g i s t r a t i o n  would correspond t o  the  end of t he  1 3 t h  i n t e r v a l .  

Therefore,  ground da ta  do not exclude t h e  p o s s i b i l i t y  t h a t  t h e  

m a p e t i c  wake of the  Earth,  d i rec ted  upward along t h e  f lux of s o l a r  plasma, 
a t  sub-Alfv6n flow pas t  the Earth's  magnetosphere, cont r ibu ted  notably t o  

events  observed on IMP-1. 

see  Table 1 ../.. 
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I 
Barrow College ould 

Bay 
Aler t  rnP- 1 Resolute 

-Bay Lake 

1 
'SE X Y  Y X Y X  Y E  D H D  

0115 - 0120 14.5 14 15 I 14 14.51414.5 14.513.5 14 14.5 

In  conclusion, I extend my thanks t o  Yu. D, Kalinin f o r  s t a t i n g  t h e  

problem, d iscuss ing  t h e  work, and t o  E . 1  . Mogilevskig f o r  his valuable  re- 
m a r k s .  
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